Aim: Mortality in end-stage renal disease (ESRD) remains high, particularly among elderly, who represents the most rapidly growing segment of the ESRD population in wealthier countries. We developed and validated a risk score in elderly patients to predict 6-month mortality after dialysis initiation. Methods: We used data from a cohort of 421 patients, aged 65 years and over who started dialysis between 2009 and 2016, in our Nephrology department. The predictive score was developed using a multivariable logistic regression analysis. A bootstrapping technique was used for internal validation. Results: The overall mortality within 6 months was 14.0%. Five independent predictors were identified, and a points system was constructed: age 75 years or older (2 points), coronary artery disease (2), cerebrovascular disease with hemiplegia (2), time of nephrology care before dialysis (< 3.0 months [2]; ≥3 to < 12 months [1]), and serum albumin levels (3.0-3.49 g/dL [1]; < 3.0 g/dL [2]). A score of 6 identified patients with a 70% risk of 6-month mortality. Model performance was good in both discrimination (area under the curve of 0.793; [95% CI 0.73-0.86]) and validation (concordance statistics of 0.791 [95% CI 0.73-0.85]). Conclusions: We developed a simple prediction score based on readily available clinical and laboratory data that can be a practical and useful tool to assess short-term prognosis in elderly patients starting dialysis. It may help to inform patients and their families about ESRD treatment options and provide a more patient-centered overall approach to care.
Introduction
One of the challenges to clinicians caring for older chronic kidney disease (CKD) patients expected to progress to end-stage renal disease (ESRD) lies in the evaluation of the overall benefit of offering renal replacement therapy (RRT) to them. Although survival may have improved over time for older patients initiating dialysis [1] , in those patients with high comorbidity, dialysis did not offer better survival compared to conservative management [2] , with an overall decline in functional and cognitive status [3] , and more hospitalizations [4] .
For evaluating RRT benefits and risks and informing patients and their families about ESRD treatment options, there is a growing interest in developing predictive mortality models [5] [6] [7] [8] [9] [10] .
Portugal has the highest unadjusted incidence and prevalence of ESRD among European countries [11] . Although several scoring systems focused on older adults have been developed in other countries [7] [8] [9] [10] , they may be unsuitable for widespread application due to unproven generalizability.
We aimed to develop and validate a simple predictive risk score of early death after initiating dialysis using readily available variables to help the decision of initiating dialysis among elderly patients.
Methods
We conducted a retrospective cohort study of patients aged 65 years and over, referred to the Nephrology Department in Centro Hospitalar do Porto (CHP), who started dialysis as their first RRT, between January 2009 and December 2016. CHP is a tertiary-care hospital, which serves a diverse population of 500,000 inhabitants in the Northern region of the country.
The study was performed in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of CHP.
Data were collected from medical records purposely for this study and included (at dialysis initiation): sex, age, weight, height, body mass index (BMI), medication, associated comorbid conditions, such as diabetes, dyslipidemia, hypertension, smoking status, history of malignancy, and cardiovascular disease (CVD). CVD included coronary artery disease, congestive heart failure (New York Heart Association stages I-IV), arrhythmia, peripheral artery disease, and cerebrovascular disease. Coronary artery disease was defined as a previous myocardial infarction, coronary artery bypass grafting, or coronary stent implantation. Peripheral artery disease was defined as the presence of intermittent claudication or with the need of peripheral revascularization or amputation. Cerebrovascular disease included both previous transient ischemic attacks and stroke, with or without hemiplegia.
Glomerular filtration rate (GFR) was estimated using the CKD Epidemiology 2009 creatinine equation [12] ; all serum creatinine measurements were performed in the same laboratory calibrated using a calibrator for automated systems (Roche Diagnostics). Etiological diagnosis of CKD was based on the patient's history, kidney ultrasound, and kidney biopsy, when available.
Cognitive status was evaluated using the Mini Mental State Examination [13] with cognitive impairment defined for scores ≤23. Functional dependency was defined as the requiring of assistance for transfer, classified as totally dependent or need assistance for transfer and autonomous.
A modified version of the Charlson comorbidity index (mCCI) [14] , that is, by excluding subject's age and presence of kidney disease, was calculated and subdivided into 3 subgroups (0-2, 3-4, ≥5).
Variables related to renal care included timing of nephrologist care prior to dialysis, dialysis modality, and vascular access (graft/fistula versus catheter) were collected. Timing of nephrologist care before dialysis was divided: under 3 months, between 3 and 12, and higher than 12 months. Late referral was defined as the first encounter with a nephrologist occurring within 3 months of the dialysis initiation. Unplanned dialysis was defined as any first treatment started for an emergency condition or not appropriate to delay for > 24 h, even if a permanent dialysis access in place.
Since nephrology referral until RRT initiation, the number and reasons for hospitalizations were registered.
The study outcome was all-cause mortality within first 6 months following dialysis therapy initiation. Vital status was checked annually until August 30, 2017.
Statistical Analysis
Descriptive statistics on candidate predictors and the outcome variable are presented as median and interquartile range or percentage as appropriate.
Except for BMI (28 missing values), there was no missing among candidate predictors. Thus, no missing imputation approach was done in this study.
All p values are two-tailed. A p value < 0.05 is considered to indicate statistical significance. Analyses were conducted with the use of the statistical package SPSS 24.0 (SPSS, Inc., Chicago, IL, USA) and STATA 13.0.
Model Development
Using 6-month mortality after dialysis initiation as the dichotomous outcome variable, several risk factors were first examined by univariable logistic regression: age (continuous or categorized as ≥75 vs. < 75 year), sex, BMI (continuous or categorized as < 25, 25-30, > 30 kg/m 2 ), primary renal disease (diabetic nephropathy, autosomal dominant polycystic kidney disease, ischemic nephropathy, others and unknown vs. glomerulonephritis; diabetic nephropathy vs. other renal disease), smoking (current vs. former/never smoker), laboratory data (serum urea, serum creatinine, eGFR, and serum albumin), hypertension, diabetes mellitus, dyslipidemia, CVD history, chronic hepatic disease, chronic pulmonary disease, autoimmune disease, peptic ulcer, malignancy, mCCI, cognitive status (cognitive impairment/ dementia vs. normal), dependency for transfer (totally dependent, need assistance vs. autonomous), institutionalized (yes vs. no), hospitalizations on 6 months prior to dialysis initiation (number and categorized as yes and no), and referral time (under 3 months, between 3 and 12, and higher than 12 months). Infection by hepatitis B, hepatitis C, and HIV was not tested due to small number of cases.
Variables that had an association with the outcome measure with a p value < 0.2 were selected for multivariable analysis. Continuous predictor variables were categorized as appropriate for simplicity in clinical use and to allow assignment of integer points, namely, age, eGFR, BMI, serum albumin, and referral time. Multivariable models were then built using backward selection [15, 16] . Multicollinearity was checked using the variance influence factor.
Risk Scoring System
Considering the number of outcomes (n = 60) and the number of candidate predictors, the β-coefficients derived from final multivariable model were multiplied by a heuristic shrinkage factor to adjusting for overfitting [17] [18] [19] . The shrunken β-coefficients of the predictors in the final model were then divided by two-fifths of the 2 small β-coefficients in the model and rounded up to the nearest integer to give a simple point score [17] . 
Model Validation
The discrimination of the risk score was evaluated using the area under the receiveroperating characteristic curve (AUC). Due to the relatively small size of our cohort, we did not divide the cohort into derivation and validation samples. A bootstrapping procedure was used to internally validate the risk score and determine optimism [8, 18, 19] .
Risk Scores Comparison
The developed risk score in our work and Couchoud score [7] were calculated for each patient in order to determine the performance of each scoring system in predicting mortality. The discrimination of each scoring system was assessed and compared using AUC.
Results

Patient Characteristics at Baseline
Our study cohort included 421 individuals aged 65 years or older who started dialysis, during the study period. Table 1 shows their baseline characteristics, stratified by mortality status at 6 months after initiating dialysis. Their mean age was 75.5 ± 6.3 years, 195 patients (46%) were female, about 50% were diabetic, and 97% of patients had eGFR of < 15 mL/ min/1.73 m 2 at time of dialysis initiation. Most participants (98%) were on hemodialysis. About 34% of participants had been hospitalized in the 6 months prior to dialysis initiation. More than half of our patients that started dialysis in life-threatening circumstances (n = 140; 56%) were timely referred to a nephrologist (≥12 months).
Predictors of 6-Month Mortality
A total of 60 patients (14%) died within 6 months of starting dialysis. Table 2 shows the results of univariable logistic regression analyses associated with mortality within 6 months after starting dialysis. Briefly, patients who died were more likely to be older and female and to have experienced any of the following conditions: an unplanned dialysis, being late referral, higher eGFR, lower albumin, need of assistance for transfer, cognitive impairment, to have been institutionalized, to have coronary artery disease, congestive heart failure, arrhythmia, cerebrovascular disease with hemiplegia, and higher mCCI. They were also more likely to have a hospital stay in the 6 months preceding dialysis initiation.
Multivariable logistic regression analyses with backward elimination procedure showed that the following variables were retained in the final model: age, coronary artery disease, cerebrovascular disease with hemiplegia, serum albumin level, and referral time ( Table 3) . Among the 16 candidate predictors (Table 2) , unplanned dialysis was not included in the multivariable analysis, because we considered that the final model intended to be a tool also for those patients for whom the dialysis was not scheduled. The remaining 15 variables were divided in 3 sets of 5 candidate predictors, and backward elimination was applied separately to each set. Predictors that were selected in all of the 3 data sets were chosen as the final set of selected predictors. In each set of 5 variables, multicollinearity was checked, as well as the 10 variables included in the final model. The variance inflating factors were all near 1 (the maximum variance influence factor was 1.519).
Based on the number of 6-month deaths (n = 60), the combination of 5 predictors was considered reasonably fitted to the final multivariable regression model. A Hosmer and Lemeshow goodness-of-fit test was not statistically significant, indicating good calibration of the model (χ 2 , 7 degrees of freedom = 5.624; p = 0.584; Table 3 ). 
Derivation and Internal Validation of Risk Score
The risk score derived is displayed in Table 4 , ranging 0-10 points. The score was calculated for each patient of our study sample (median risk score = 2). The distribution of patients and mortality according to score is presented in Table 5 . As an example, a score of 5 identified patients with a 50% risk of 6-month mortality (Fig. 1) .
A risk assessment questionnaire for clinicians and patients' use is shown in Figure 2 , exposing a simple method for establishing a patient's risk for the outcome depending on an individual's status for the 5 variables included in the tool. The predictive discrimination of 6-month mortality was good, with an AUC of 0.793 (95% CI 0.73-0.86). A bootstrapping procedure was performed (5,000 bootstrap samples) to internally validate the risk score, which generated a concordance statistics of 0.791 (95% CI 0.73-0.85) and an optimism of 0.002. Variables were retained in the model using backward elimination (Wald) procedure. <3.0 months 1.26 2 ≥3 to <12 months 0.56 1 ‡ Original β-regression coefficient multiplied by heuristic shrinkage factor. § Scores assigned by dividing the shrunken β-regression coefficients by 0.528 (two-fifths of the 2 small β-coefficients in the model) and rounded to nearest integer. 
Comparison with Alternative Risk Scores
Couchoud score [7] was calculated for all patients in our cohort according to corresponding formula, and the AUC was 0.704 (95% CI 0.64-0.77). In this cohort, the performance of our score was significantly higher than Couchoud score (p = 0.026; Fig. 3 ). It can be seen that the curve from our score is always above the curve of the Couchoud scale. Therefore, for this particular set of individuals, our score discriminates better between survived and deceased patients. Stated in other way, for a given specificity, our severity score always presents a better sensitivity. Fig. 1 . Mean predicted mortality risks and observed proportions for ranges of total scores. Prognostic score calculated form the following 5 items well predicts 6-month mortality after maintenance dialysis initiation: age 75 years or older, coronary artery disease, cerebrovascular disease with hemiplegia, time of nephrology care before dialysis, low serum albumin levels. 
Discussion
The prognostic score for early mortality developed in this study, defined as death in the 6 months after starting dialysis, is based on simple and ready available information.
Five predictors of 6-month mortality (and their associated scores) were identified: age 75 years or older (2 points), coronary artery disease (2 points), cerebrovascular disease with hemiplegia (2 points), time of nephrology care before dialysis (< 3.0 months [2 points]; ≥3 to < 12 months [1point]), and low serum albumin (3.0-3.49 g/dL [1 point]; < 3.0 g/dL [2 points]).
In the past years, numerous scores of mortality on dialysis have been developed on the basis of various combinations of comorbidities and laboratory data, but only a few of them focused on short-term survival including only elderly patients [7] [8] [9] [10] .
Couchoud et al. [7] using just clinical features, based on the French registry data, predicted 6-month mortality in elderly (≥75 years) after initiating dialysis. Of the risk factors selected in that model [7] , diabetes, peripheral vascular disease, and malignancy were not associated with 6-month mortality in our cohort.
Although diabetes is an important predictor of mortality in CKD patients, in our cohort, diabetes was not associated with early mortality. This agrees with other authors [8] [9] [10] , and it can be explained by the fact that in our cohort, the burden of other comorbidities in elderly, such as coronary artery disease and cerebrovascular disease, also late complications of diabetes, diminish the significance of diabetes as a predictor of early mortality in ESRD patients.
Congestive heart failure, arrhythmia, and severe behavioral disorder (similar to dementia in our study) were associated with 6-month mortality but were not retained in our final model. This reveals the dissimilarities of the populations used to construct scores.
About 59% of our patients started with unplanned dialysis, which was not surprisingly associated with high mortality risk, with significantly elevated odds of 6-month mortality, like in Couchoud model [7] . More than half (n = 140; 56%) of those patients who started with unplanned dialysis were timely referred to nephrologist (≥12 months). This can be explained by the fact that this elderly population with high comorbidity has several acute intercurrent illness, which precipitates the need to initiate dialysis. Keeping this in mind, we decided not to include unplanned dialysis in the multivariable analysis, because our final model intended to be a supporting tool even in those patients for whom the dialysis was not scheduled.
More recently, using also the French registry, Couchoud et al. [8] chose to focus on very early mortality (first 3 months of dialysis), in elderly patients. Thamer et al. [10] also focused in early mortality in the first 3 and 6 months using the US Renal Data System proposed a risk score for patients aged ≥67 years. Like these 2 scores [8, 10] in our study, age older than 75 and low albumin level were strongly associated with 6-month mortality.
The independent association between hypoalbuminemia and mortality in ESRD was first described in 1990 by Lowrie et al. [20] , when a serum albumin < 4 g/dL was found to be associated with increased risk for death in dialysis patients. Hypoalbuminemia might indicate malnutrition, but is an important biomarker of acute illness or inflammatory state [21] . Therefore, a multidisciplinary approach, including pre-and post-dialysis management for nutrition, but also dealing with the cause of hypoalbuminemia, might improve survival after initiation of dialysis.
CVD remains the most common cause of mortality in ESRD patients and coronary artery disease is the most frequent cause of cardiovascular death in those patients [22] . The prevalence of CVD in our cohort was very high related to high prevalence of many established risk factors of CVD (diabetes, hypertension, dyslipidemia), also present in our patients.
We have shown that the presence of clinically manifest CVD such as coronary artery disease and cerebrovascular disease with hemiplegia had a significant impact on 6-month mortality within starting dialysis. These 2 variables were not considered or were not predictive in previous models in elderly ESRD patients [7] [8] [9] [10] . The presence of cerebrovascular disease with hemiplegia may also reflect the impact of frailty in mortality of CKD patients [23] related to the functional dependency of these patients. These factors provide further evidence of the importance, beyond the usual clinical criteria, of incorporating in the RRT decisions in elderly the assessment of physical and cognitive function, and other components of geriatric syndrome.
Recently, Wick et al. [9] developed a score to estimate mortality risk during the next 6 months for older patient initiating dialysis. They used a large population-based data source in outpatient settings to derive a score in patients 65 years and older, and not only in patients 75 years and older. This is important because as it happens in our cohort, there is an equal number of adults aged 65-74 years who initiate maintenance dialysis therapy as those 75 years and older.
Their final model for 6-month mortality [9] included 7 predictors: age (≥80 years), increased eGFR, hospitalization in the prior 6 months, atrial fibrillation, congestive heart failure, metastatic cancer, and lymphoma. None of those variables except older age were strongly predictive in our score, which could be related to differences in the populations from which they were derived. Namely, the incorporation of variables such as lymphoma or metastatic cancer, as mortality predictors, may add clinical utility in contexts in which these conditions appear with reasonable frequency.
In our study, time of nephrology care before dialysis initiation was strongly predictive of early mortality, particularly within 3 months prior to dialysis initiation, but also between 3 and 12 months, compared to > 12 months. Several studies have demonstrated that late referral to nephrologist care was a major reason for higher morbidity and mortality on dialysis. This lack of timely evaluation, defined as adequate evaluation to allow for patient and family education, management, and preparation for RRT (e.g., creation of a permanent access) is particularly common in elderly patients [24, 25] . Although there is no universally accepted definition of timely referral of patients with CKD, considering a period of 12 months as adequate to provide an acceptable nephrology care [25] was consistent with our results. The appropriate timing of referral is often difficult for nonnephrology physicians. Especially in elderly patients, primary care physicians and nonnephrology specialists were less likely to refer patients to nephrologists than nephrologists were to accept patients for dialysis [26] .
Nephrologists should make an effort to support the local network that links primary health-care providers and nephrologists, with improved referral guidelines, and open communication between nephrologists and referring physicians.
With respect to model performance, the proximity of the AUC generated by bootstrapping procedure to the observed AUC and a very acceptable optimism indicate a good discrimination ability of our score. In our population, the performance of our risk score was significantly higher than Couchoud score [7] , which reinforces the need to develop predictive scores adapted to the specificities of each population.
To our knowledge, this is the first prognostic score for predicting early death in elderly ESRD patients initiating dialysis that have been developed and internally validated in a Portuguese population. Furthermore, we consider that they are a representative group of the elderly ESRD patients that start dialysis in our country. Differences in our patients' profile, namely, distinct sociodemographic and clinical characteristics compared to other countries, highlight the clinical specificity of our score and the dissimilarities from the other populations used to develop and derive prognostic scores.
Portugal has the highest unadjusted incidence and prevalence of ESRD among European countries [11] . In a recent review [27] , elaborated on the factors that potentially underlying observed international differences in CKD prevalence in the elderly, the authors concluded that Portugal had the highest estimate of CKD prevalence, and also the highest average score on CKD risk factors (i.e., diabetes mellitus, raised blood pressure, physical inactivity, and salt intake).
Another important issue is the age pattern at the beginning of RRT. In Portugal, about 62% of the incident dialysis patients in 2016 were over 65 years with a mean age of 67 years for prevalent patients [28] being one of the oldest in the European registry [11] . In countries with lower RRT incidence, the median age at the start of RRT appears to be lower, suggesting that countries with higher RRT incidence, such as Portugal, start older patients in RRT and this may contribute to differences in RRT epidemiology between countries [29] . In this respect, there is an urgent need for concrete evidence on the relative advantages of conservative treatment versus RRT in the elderly.
There are some limitations of our study. First, this is a single-center retrospective study. Second, our population consisted of incident dialysis patients that were referred to nephrologists. Those who were not referred, not selected for, or not accept to dialysis initiation, were not included. Our model may, therefore, not be generalizable to the entire population of elderly ESRD patients and should not be used to withhold dialysis. Third, despite the internal validation, our model has not been externally validated, which should be a requisite before this tool should be promoted for use in clinical practice. At this moment, our score is being tested in our unit, and it will be applied during the next year with the incident patients and will be subsequently assessed the results.
In conclusion, we have developed and internally validated a predictive risk score for early mortality for elderly CKD patients who initiate dialysis. This simple and accurate prediction score based on readily available data can be an easily implemented tool. Incorporating this prediction model into CKD management for older patients may help to inform patients and their families about ESRD treatment options and provide a more patient-centered overall approach to care. 
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